INTRODUCTION
Model development was an integral part of the U.S. Geological Survey's Southwest Alluvial Basins Regional Aquifer-System Analysis Program in parts of Colorado, New Mexico, and Texas (Wilkins and others, 1980) . The model of the Mesilla Basin in southern New Mexico needed to represent the hydraulic connection between the aquifer system and the river system. The complexity of the river system, composed of the Rio Grande, irrigation canals, and drains, required that river discharge be routed from one node to another and that an accounting of this discharge be recorded for each node.
The modular, three-dimensional, finite-difference, ground-water flow model developed by McDonald and Harbaugh (1984) has a river package, RIV1, that contains most of the essential elements needed in modeling the Mesilla Basin. However, the RIV1 package could not route the river discharge from one model node to another or maintain an accounting for the river discharge. A new river package called RIV2 was developed to add these features.
RIV2, developed from RIV1, contains similar data-entry, data-output, and logical structures.
This report documents input requirements for the RIV2 package.
The computations used in routing river discharge are explained as is the mathematical simulation of the river-aquifer leakage relation. Output features also are explained.
USER'S GUIDE FOR RIV2
The modeling concepts necessary for the operation of RIV2 differ little from those for RIV1. The differences are largely due to features adapted from the modeling code of Posson and others (1980) and Hearne (1982) .
The RIV2 code represents a number of nodes that simulate leakage from or to an overlying river.
Certain features of a river that would be essential in a surface-water model, such as storage in the channel or banks, are not represented because RIV2, like RIV1, is considered to be a boundary condition in a ground-water model, not a surface-water model.
The rate of leakage at each node is directly proportional to the difference between the hydraulic head in the aquifer and the stage of the river, but is limited to the lesser of either a user-specified maximum or the discharge available in the river.
This feature allows for simulation of intermittent and ephemeral rivers.
Leakage from the aquifer to the river is not limited in RIV2.
The user needs to supply the hydraulic-connection coefficient, the limiting maximum rate of leakage to the aquifer, and the river stage for each node.
It is possible for the user to respecify the river characteristics (stage, hydraulic-connection coefficient, and limiting maximum rate of leakage to the aquifer and river stage) for each stress period.
The hydraulicconnection coefficient, CRIV, may be defined as the conductance of the reach of the riverbed with units of length squared per unit time:
where K 1 = vertical hydraulic conductivity of the riverbed material;
A 1 = area of the river channel; and b = thickness of the riverbed material.
The river discharge for a node is equal to the river discharge into the node minus the leakage to the aquifer or plus the leakage from the aquifer. The river stage, the wetted perimeter of the river channel, and the conductance of the riverbed material in a river vary with the discharge of the river.
The constant values used in RIV2 limit its accuracy, but the error probably is not as great as it would be if the aquifer were allowed to gain more water from the river than the river contained.
The river-discharge-routing procedure in RIV2 uses a higher order structure that is not used in RIV1. A river, as represented in the framework of the model, consists of one or more reaches, and each reach consists of one or more nodes.
(This definition of the term "reach" is distinctly different from that of RIV1.)
A node may be part of more than one river reach. The river discharge at the upstream end of a reach consists of the river discharge from upstream reaches plus any user-specified tributary inflow.
The river discharge from the downstream end of a reach may be routed to any downstream reach. The structure allows representation of tributaries.
RIV2, like RIV1, separates the leakage term into explicit and implicit parts.
The explicit part of the leakage term is added to the variable RHS. (RHS is the right side of a finite-difference equation and is an accumulation of terms that are independent of hydraulic head at the current time step. Terms in RHS are defined by various model packages.) The term added to RHS may have either of two forms. If the hydraulic head computed for the aquifer during the previous iteration was greater than the hydraulic head required to produce the limiting value of leakage to the aquifer, then the following FORTRAN assignment is made:
where HRIV is the river stage, and other terms are as previously defined. If the hydraulic head computed for the aquifer during the previous iteration was less than or equal to the hydraulic head required to produce the limiting value of leakage to the aquifer, then the assignment is:
where HMIN is the hydraulic head required to produce the limiting value of leakage to the aquifer, and other terms are as previously defined.
The implicit part of the leakage term is added to the variable HCOF. (HCOF is the coefficient of hydraulic head for the node (J,I,K) in the finitedifference equation.)
The implicit term may, like the explicit term, have either of two forms.
If the hydraulic head computed for the aquifer during the previous iteration was greater than the hydraulic head required to produce the limiting value of leakage to the aquifer, then the following FORTRAN assignment is made:
where all terms are as previously defined. The implicit term is zero when the hydraulic head computed for the aquifer during the previous iteration was less than or equal to the hydraulic head necessary to produce the limiting value of leakage to the aquifer. In this instance, the leakage term included in the solution algorithm is explicit.
Input Requirements
Input to the RIV2 package is read on the unit specified in IUNIT(4) .0 (Item 6 consists of one record for each river node active during the current stress period. The nodes need to be specified in downstream order, consistent with the specification of the river reaches.)
Explanation of fields:
MXRIVR is the maximum number of river nodes active at one time.
IRIVCB is a flag and a unit number.
If IRIVCB >0, then it is the unit number on which node-by-node flow terms will be recorded whenever ICBCFL (see Output Control) is set. If IRIVCB = 0, then node-by-node flow terms will be neither printed nor recorded. If IRIVCB <0, then river leakage for each reach will be printed whenever ICBCFL is set.
MXREAC is the maximum number of river reaches active at one time.
ITMP is a flag and a counter. If ITMP < 0, then river data from last stress period will be re-used. If ITMP > 0, then ITMP will be the number of river nodes active during the current stress period.
NR is the number of river reaches active in the current stress period.
NREA is the river-reach number.
NNRE is the number of river nodes in the reach.
RQIN is the river discharge added at the upstream end of the reach.
NADD is the number of the downstream reach (zero, if none).
Layer is the layer number of the river node.
Row is the row number of the river node.
Column is the column number of the river node.
Stage is the hydraulic head in the river.
Cond is the riverbed hydraulic conductance.
Qmax is the maximum allowable leakage to the aquifer.
Code Listing and Explanation
Each of the four modules of the RIV2 package is explained in narrative form and the code for each of these modules is listed. This format is similar to that used in the model documentation (McDonald and Harbaugh, 1984) .
Narrative for Module RIV2AL
This module allocates space in the X array to store the river-dischargerouting information. Following are major features of this module:
1. Print message identifying the package and initialize NRIVER (number of river nodes) and NR (number of river reaches).
2. Read and print MXRIVR (the maximum number of river nodes), IRIVCB (the unit number for saving node-by-node flow terms or a flag indicating whether node-by-node flow terms should be printed), and MXREAC (the maximum number of river reaches).
3. Set LCRIVR, which will point to the first element in the river-node list (RIVR), equal to ISUM, which is currently pointing to the first unallocated element in the X array.
4. Calculate the amount of space needed for the river-node list (six values for each node row, column, layer, stage, riverbed conductance, and maximum river leakage) and add it to ISUM.
5. Print the number of elements in the X array used by the river-node list.
6. Set LCRIVQ, which will point to the first element in the river-discharge list, equal to ISUM, which is currently pointing to the first unallocated element in the X array.
7. Calculate the amount of space needed for the river-discharge list (one value for each node), and add it to ISUM.
8. Print the number of elements in the X array used by the river-discharge list.
9. Set LCREAC, which will point to the first element in the river-reach list, equal to ISUM, which is currently pointing to the first unallocated element in the X array.
10. Calculate the amount of space needed for the river-reach list (four values for each reach reach number, number of nodes in the reach, river discharge to be added at the upstream end of the reach, and the number of the downstream reach), and add it to ISUM.
11. Print the number of elements in the X array used by the river-reach list.
12. Print the space allocated to the river-discharge-routing package. This module reads data to develop the river-discharge-routing lists. Following are major features of this module:
ITMP is the number of river nodes or a flag indicating that river-discharge-routing data specified for the previous stress period will be re-used.
Test ITMP.
If ITMP is less than zero, the river-discharge-routing data read for the last stress period will be re-used. Print a message to that effect and RETURN.
3. If ITMP is equal to or greater than zero, it is the number of river nodes for this stress period. Set the number of river nodes (NRIVER) in the current stress period equal to ITMP.
4. Compare the number of river nodes (NRIVER) in the current stress period to the number specified as the maximum for the simulation (MXRIVR). If NRIVER is greater than MXRIVR, STOP.
5. If NRIVER is less than or equal to MXRIVR, print the number of river nodes in the current stress period (NRIVER).
6. Determine if there are any river nodes. If there are no river nodes in the current stress period (NRIVER equals zero), bypass further riverdischarge processing.
7. Read NR. NR is the number of river reaches defined for this stress period.
8. Compare the number of river reaches (NR) in the current stress period to the number specified as the maximum for the simulation (MXREAC). If NR is greater than MXREAC, STOP.
9. Print the number of river reaches in the current stress period (NR).
10. For each river reach, read and print the reach number, number of nodes in the reach, river discharge to be added at the upstream end of the reach, and the number of the next river reach downstream.
11. Read data on each river reach.
12. Test NADD. NADD must specify a river reach downstream from the current river reach (NADD must equal zero or NADD be greater than NREA). If it is not, print a message and STOP.
Test NADD.
NADD needs to specify a river reach within the specified range (NADD must be less than or equal to NR).
If it is not, print a message and STOP.
14. Read and print layer, row, column, river stage, riverbed conductance, and maximum river leakage for each river node. Print river-node number (nodes numbered in sequence) for each river node. This module adds terms representing river leakage to the accumulators HCOF and RHS. Following are major features of this module:
1. If NRIVER is less than or equal to zero, there are no river reaches in the current stress period. RETURN.
2. Initialize the pointers (K3 and K4) for the first river reach and set the river discharge (array Q) in this iteration to zero.
3. For each river reach defined, do steps 4-13. Start by incrementing the river discharge into the first river node in the river reach by the specified river discharge in (RQIN).
4. For each river node in the current river reach, do steps 5-10. Start by incrementing the river discharge (Q) into the river node by the computed river discharge to the river node (QIN).
Determine the column (1C), row (IR), and layer (IL).
6. If the river node is external [IBOUND(IC,IR,IL) is less than or equal to zero] , bypass processing on this river node and go on to the next river node.
7. Because the river node is internal, set the river-node parameters [river stage, riverbed conductance, and aquifer hydraulic head that would produce leakage equal to QMAX, (RBOT1) and aquifer hydraulic head that would produce leakage equal to the river discharge to the node (RBOT2)].
8. Set HMIN to the aquifer hydraulic head (RBOT1 or RBOT2) that would produce the lesser of the limiting river leakages (specified maximum river to aquifer leakage or total river discharge).
9. If the hydraulic head (HNEW) of the aquifer is less than or equal to HMIN, add the term -CRIV*(HRIV-HMIN) to the accumulator RHS. This step limits the maximum river leakage to QMAX (the specified maximum river leakage) or to Q (the river discharge to the node), whichever is less.
If the hydraulic head of the aquifer (HNEW) is greater than HMIN, add the term -CRIV*HRIV to the accumulator RHS, and the term -CRIV to the accumulator HCOF. Compute the river discharge as the difference between the river discharge to the river node and river leakage from the river node.
10. Store the remaining river discharge in QIN.
11. Find the index (IR) of the first river node in the downstream river reach.
12. If IR is not 1 (indicating that this is the last reach on the river), route the remaining river discharge (QIN) to the first river node in the downstream river reach.
13. Set pointers for the downstream river reach.
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